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ABSTRACT 
The purpose of this study was to analyze and compare the trunk muscle 
activity and range of motion in male and female golfers. With the use of surface 
electrode electromyography and motion analysis, three male and three female 
Division II collegiate golfers were evaluated. The EMG activity of the erector 
spinae, gluteus maximus, and external oblique muscles was measured bilaterally 
during the golf swing. The main emphasis in analyzing the trunk range of motion 
was comparing relative pelvis to shoulder rotation (X-factor) throughout the 
swing. The researchers found definitive differences in the patterns of muscle 
activity and range of motion between male and female golfers. The male golfers' 
muscle activity occurred slightly earlier in the swing than the female golfers. The 
males also had a greater X-factor by about 10° and a faster swing by 
approximately .20 seconds than the females. These findings demonstrate the 
importance of the trunk and pelvic muscles in stabilizing and initiating motion in 
the spine during the golf swing. This study, along with previous studies, provides 
the framework for developing rehabilitation and training programs for the golfer 




The sport of golf has experienced a boom in popularity in the United States 
during the past few years. In 1997, the number of golfers ages 12 and above 
who played at least one round increased to 26.5 million, compared to 24.7 
million in 1996-a 7% increase. 1 
The number of beginning golfers experienced exponential growth in 1997. In 
1996, 1.96 million golfers played for the first time; in 1997, that number grew to 
2.96 million, which was a 51 .2% increase. 1 
This is just the most recent growth period in popularity of a sport that has 
existed for over 400 years.2 Golf began to gain acceptance as a sport in the 
United States sometime during the 1920s. Its popularity grew quickly as golf 
facilities were developed aggressively; by 1931, around 5600 golf facilities were 
available in the country.3 
The next growth period for golf in the United States came in the 19605 as the 
number of facilities grew from 6 385 to 10 188 by the end of the decade.3 During 
the same period, the number of golfers increased from 4.4 million to 11.2 million 
(7.1 % of the total population of the country) .3 
Golf in the United States experienced another boom period from 1980 to 1986 
when the participation increase was more than double the growth in popularity of 
1 
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the sport during the entire decade of the 1970s.3 By 1987, 20.3 million people in 
the United States golfed.4 
Problem Statement 
Golf has been associated with injuries to the low back, wrists, hands, 
shoulders, knees, elbows, thumbs, cervical and thoracic spine, ribs, ankles, and 
groin.5 Low back injuries are the most common golf-related injuries among 
amateur males and are the second most common injuries among female 
amateur golfers (behind elbow injuries).5 It is reasonable to assume that the 
number of golf injuries incurred in the United States will rise along with the 
increase in the sport's popularity. 
Golf injuries affecting amateurs are attributed to overuse, improper swing 
mechanics, and poor physical conditioning.6 This fact emphasizes the need for 
developing proper conditioning and stretching programs as well as teaching 
amateur golfers proper swing mechanics to help prevent injury. It also 
demonstrates the need for effective rehabilitation techniques for injured golfers. 
Despite the prevalence of low back injuries in golfers, relatively few studies 
have been conducted studying range of motion and muscular activity of the trunk 
during the golf swing. Most electromyographic studies have focused on the 
upper body.7 Another problem is that few studies have focused on comparing 
golf swings (including range of motion and muscle activity analysis) of men and 
women; a study of the shoulder by Jobe et alB is one of the few that can be 
found . 
3 
This lack of research , along with the increasing popularity of the sport and 
increasing incidence of low back injuries among participants, presents a 
problem: more and more people are being subjected to the risk of injury. 
Purpose of the Study 
The purpose of this study is to ascertain a set of normative data for muscular 
activity and body mechanics during the swings of healthy golfers. The study will 
also examine differences in swing biomechanics between all participants and 
between male and female subjects. These data may then be used as 
groundwork for the development of further studies on golf training with emphasis 
on preventing injuries to the low back. 
Significance of Study 
As stated previously, golfs increase in popularity-combined with the 
prevalence of back injuries among amateurs in the sport-will put a great number 
of people at risk of incurring incapacitating injuries. This could lead to a loss of 
work hours and an increase in health care costs spent to treat these athletes, not 
to mention the decrease in quality of life as many golfers will suffer pain which 
prevents them from participating in an activity they enjoy. 
For these reasons, it is important to analyze the biomechanics and kinematics 
of the golf swing. By conducting such a study, the researchers hope to pave the 
way for strengthening programs to be developed as a prophylactic measure 
against low back injury in golfers. The study may also lead to more effective 
rehabilitation programs for golfers. 
4 
Research Questions 
This study will address the following research questions: 
1. Is there a difference in EMG activity of the trunk and hip 
muscles (external abdominal obliques, gluteus maximus, 
and erector spinae) between men and women during 
different phases of the golf swing? 
2. Is there a difference in trunk range of motion between men 
and women during the golf swing? 
3. Do range of motion and EMG activity have an effect on club-head 
speed generated by men as compared to women? 
Hypotheses 
This study will address four null hypotheses: 1) There is no significant 
difference in EMG activity between men and women during the phases of the 
golf swing. 2) There is no significant difference in trunk range of motion between 
men and women during the phases of the golf swing . 3) There is no significant 
difference between men and women in the effect EMG activity and range of 
motion have on club-head speed. 
CHAPTER II 
LITERATURE REVIEW 
Previous golf studies and articles have covered such topics as swing 
mechanics, EMG analysis, forces imposed upon the body during the swing, and 
epidemiology of golf-related injuries. This chapter will highlight these findings. 
Golf Swing Mechanics 
Over the past 50 years, the golf swing has evolved from what is called a 
"classic" swing to what is now known as the "modern" swing. This has resulted 
in golfers' ability to generate more torque and hit the ball farther; however, it is 
also suspected of being a major cause of injury in both amateur and professional 
golfers.9 The modern swing is more physically demanding than the classic 
sWing. 10 (For the purposes of this article, all descriptions of the golf swing will be 
of a right-handed golfer.) 
The swing has evolved along with golf equipment over the past half-
century. Originally developed in Scotland, the classic swing was used in the 
United States with hickory shafts on golf clubs. As steel and then graphite shafts 
were developed, the modern swing evolved to accommodate these technological 
changes. 9 
The classic swing differs from the modern swing in several ways: its 
backswing uses a flatter swing plane, hip rotation is larger and is almost as great 
5 
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as shoulder rotation, and the follow-through ends in an upright "I" position.9 In 
contrast, the modern swing relies on a large gap between hip and shoulder 
rotation to store more potential energy, resulting in greater club head speed 
generated at the time of impact. This gap has been called the "X factor" in 
generating greater club head speed. To build more torque, the modern swing 
restricts hip motion while generating greater shoulder rotation. The swing ends 
with the follow-through in which the back is in a hyper-extended "reverse-e" 
position, the hands are high over the head, and the right shoulder is lower than 
the left. 
While the modern swing is successful in generating greater club head 
speed and thus greater distance, it also likely contributes to low back pain 
because it is more stressful to the lumbar area.9 It is thought that low back pain 
induced by the modern swing is a result of lumbar spine rotation at the top of the 
backswing, followed by uncoiling and hyperextension as the golfer performs the 
downswing and follow-through.9 
The golf swing can be broken down into five stages: set-up, backswing, 
transition, downswing, and follow-through.11 Set-up is a static position in which 
the golfer addresses the ball; this stage will not be considered in this study. 
During the backswing, rotation of the knees, hips, and lumbar and cervical 
spine occurs. The left arm is flexed forward and horizontally adducted. The 
transition phase is the period when weight begins to be transferred back to the 
golfer's left foot (forward) while the club is still in the backswing. At the 
7 
completion of the backswing, the golfer's body is closed to the target-the hips 
about 45° and the shoulders about 100°.11 
The downswing is responsible for twice the number of golf-related injuries 
as is the backswing.11 One possible reason for this phenomenon is the fact that 
the downswing covers the same range of motion as the backswing but in about 
one-third the time. The downswing ends when the club strikes the ball at impact, 
beginning the follow-through stage. At the point of impact, golfers support 80% 
to 95% of their weight with their left lower extremity. 
The follow-through stage accounts for about 25 percent of all injuries 
incurred during the golf swing. 11 This phase ends with the "reverse-Gil position in 
the modern swing, which is the point where most injuries occur in this phase. 
Other studies classify the swing phases differently.12,13 (See Fig. 1.) The 
first phase, named takeaway, encompasses the swing from the address to the 
end of the backswing. Forward swing, the second phase, includes the swing 
from the end of the backswing until the golf club is horizontal to the ground 
behind the golfer. From that point to impact is called acceleration, which is the 
third stage. The fourth stage, early follow through, covers the range from impact 
through the moment the club is horizontal to the ground in front of the golfer. 
The fifth stage, late follow through, is from this moment to the end of the motion 
(the "reverse-Gil in the modern swing). 
For the purposes of this study, the second classification system of the 
phases of the golf swing (takeaway, forward swing, acceleration, early follow 
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Figure 1. The phases of the golf swing. 
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nomenclature is that previous EMG studies of the golf swing divide the swing into 
these phases. 12,13 
EMG Analysis of the Golf Swing 
Analysis of muscular activity during the golf swing has shown that amateur 
golfers' muscles reach a higher percentage of peak activity than do the muscles 
of professionals. Amateurs' overall muscle activity reaches about 90% of 
maximal muscular contraction (MMT), while professionals reach only about 80% 
during the golf swing.9 This is an indication that amateurs may be swinging the 
club harder in an attempt to overcome poor mechanics and to achieve positive 
results. 
As takeaway begins, studies have shown that the left external oblique, the 
left rectus abdominus, and the left L3 paraspinal muscles are active in initially 
twisting the trunk. 9 From forward swing until the club hits the ball, the right 
external oblique muscles are active at close to 100%, causing rotation of the 
trunk to the left.10 At the same time, the right and left paraspinal muscles are 
nearly equally active, which suggests these muscles are important in stabilizing 
the spine during these phases of the swing.9 The peak muscle activity during 
this portion of the swing corresponds to peak shear, side-bending, and torsional 
forces on the spine. 10 
Watkins et ai, 12 who studied 13 professional male golfers, provided a 
more detailed discussion of muscular activity during the golf swing. This study 
showed the right and left abdominal oblique muscles to be equally active during 
takeaway. They found that the left oblique muscle was only slightly more active 
10 
than the right during forward swing. However, the right side abdominal oblique 
was considerably more active than the left during acceleration and early follow-
through. The two sides were nearly equivalent in activity during late follow-
through. The trunk muscles in general showed their lowest degree of activity 
during takeaway. The greatest overall EMG activity of trunk musculature 
occurred during the forward swing phase. The results of the Watkins study are 
summarized in the table below. 
Table 1.-Results of Watkins Study, % MMT (maximal manual muscle test).12 
Muscle Takeaway Forward Acceleration Early Follow Late Follow 
Swing Through Through 
Right 
Oblique 23% 52% 59% 51% 34% 
Left 
Oblique 24% 63% 38% 38% 39% 
Right Upper 
Rectus 4% 30% 35% 21% 9% 
Abdominus 
Right Lower 
Rectus 13% 31% 34% 28% 16 % 
Abdominus 
R. Gluteus 
Maximus 15% 84% 21% 14% 8% 
Left 
Gluteus 11% 35% 53% 33% 14% 
Maximus 
R. Erector 
Spinae 16% 55% 38% 19% 15% 
Left Erector 
Spinae 26% 35% 44% 31% 19% 
A study by Pink et al13 also used electromyography to analyze muscular 
activity of the trunk during the golf swing . Their results generally agreed with 
Watkins' study. Pink's data states that activity of the right and left abdominal 
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oblique muscles (the researchers do not distinguish between internal and 
external obliques) is about 20% of maximal manual muscle test (MMT) during 
takeaway. Activity increased to 62% MMT on the right and 54% on the left 
during forward swing. During acceleration, the right side was at 64% MMT and 
the left dropped to 42%. Both sides decreased in activity during early follow 
through-the right was 57% MMT and the left was 38%. Both sides had 
decreased to below 45% MMT by the end of follow-through. 
The Pink study showed that both right and left erector spinae muscles 
were active below 30% MMT during takeaway. The right erector spinae reached 
its peak of 75% MMT during forward swing and the left side peaked at 50% MMT 
during acceleration. The right decreased to 29% MMT and the left decreased to 
39% during early follow-through; both sides were at about 28% MMT during late 
follow-through. 
Pink concludes that the bilateral erector spinae and abdominal oblique 
groups are quite active throughout the swing, functioning to initiate and control 
forward rotation and to transmit power initiated in the hips. These muscle groups 
also function to decelerate the body after the ball is struck. Pink states that the 
erector spinae muscles contract primarily for stabilization and the abdominal 
obliques contract for trunk flexion and rotation. 
A study by Bechler et al14 included EMG analysis of the gluteus maxim us 
muscles during the golf swing. Dividing the muscle into upper and lower 
portions, the study found that the right upper gluteus maximus was most active 
(100% MMT) during forward swing, dropping to 28% during acceleration, and to 
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13% down to 11 % during early and late follow-through. The left upper gluteus 
maxim us remained relatively constant and was between 47% and 58% from 
forward swing through early follow-through before dropping to 21 % MMT during 
late follow-through . The EMG pattern of the lower gluteus maximus was similar 
to the upper portion of the muscle throughout the swing. 
Bechler states that the left gluteus maxim us is one of several muscles 
working together to initiate pelvic rotation by pushing the right hip forward . The 
left gluteus maximus assists pelvic rotation and left hip extension after muscle 
activity shifts from the right to left side during the swing. 
Forces and Stresses on the Back During the Golf Swing 
Forces inflicted upon the lower back during the golf swing are of high 
intensity. The swing can produce compressive forces eight times the body 
weight in both amateur and professional golfers.9 According to Hosea and Gatt, 
the golf swing imposes four forces upon the lower back: lateral bending, shear, 
compressive, and torsional or rotational. 9 These forces were greater in amateur 
golfers than professionals and had greater standard deviations.s Lateral bending 
and shear forces were 80% greater among amateurs than professionals. These 
increased forces in amateurs result from poor swing mechanics and increased 
muscular activity produced as the amateur swings harder in an attempt to 
achieve a better shot.s The peak torque about the lumbar spine developed 
during the golf swing may be up to 80% more in amateurs than professionals.11 
13 
Epidemiology and Causes of Golf-Related Injuries 
As stated earlier, low back injuries are the most common among male 
amateur golfers, followed by elbow, hand or wrist, shoulder, and knee injuries.s 
Female amateurs most commonly suffer elbow injuries, followed by injuries of 
the back, shoulder, hand or wrist, and knee.s Male professional golfers sustain 
low back injuries most often, followed by left wrist and shoulder injuries; female 
professionals most often injure the left wrist, followed by the low back.s Injuries 
cause golfers to lose five weeks of playing time per year.s 
The number one suspected cause of musculoskeletal injuries sustained 
by amateurs in golf is the repetitive strain caused by many hours of practice 
required to play the game proficiently.s The second most common cause of 
injury is poor swing mechanics, followed by hitting the ground, over-swinging, 
poor warm-up, twisting during the swing, change in the grip or swing, falling, 
bending over a putt, injury secondary to cart, and being hit by a ball.s 
Poor conditioning and weak muscles are also suspected contributors to 
injuries among golfers.s,11 During an 18-hole round, the golfer may go through 
the coiling and uncoiling process of the spine somewhere around 50 to 65 times, 
causing fatigue of the low back paraspinal muscles (especially if they are poorly 
conditioned) and predisposing them to injury.13 Injuries occur twice as often 
during the downswing as compared to the backswing. 11 
Because of their sporadic frequency of playing golf, amateurs tend to be 
particularly at risk for injury, especially to the low back. Their lack of proper 
warm-up techniques, inconsistency, and improper swing mechanics put this 
14 
group of golfers particularly at risk.9 For these reasons, over-practice can be 
detrimental to the amateur golfer. There is also a mildly significant increase in 
injuries among low-handicap amateur golfers (0 through 9 handicap) compared 
to golfers with handicaps of 10 or more.6 Golfers over the age of 50 suffer a 
significantly higher injury rate than younger golfers.6 
The modern golf swing-described earlier with its greater gap between 
shoulder and hip rotation and hyper-extended "reverse-en position of the spine at 
the end of the swing-is suspected to be a major cause of low back injury in 
amateur and professional golfers.9 Specifically, the loads imparted on the 
lumbar spine during the golf swing can predispose the golfer to muscle strains, 
herniated nucleus pulposus, spondylolysis, and facet arthropathy with associated 
spinal stenosis.9 The most common cause of low back pain among golfers is 
muscle strain or spasms. 10 
Shear forces imposed on the spine during the golf swing are suspected as 
a mechanical cause of spondylolysis. The golf swing has been found to create 
peak shear loads up to 600 Newtons; this is significant because shear loads of 
570 (+ or - 190 Newtons) have been shown to produce fractures of the pars 
interarticularis in cadavers.9 
CHAPTER III 
METHODOLOGY 
Prior to initiation of this study, the project was reviewed and approved by 
the University of North Dakota Institutional Review Board (see Appendix A). The 
methods used in this study are detailed below. 
Subjects 
Six volunteer subjects (3 male and 3 female) participated in this study. All 
subjects met specific limitations set by the researchers which included the 
following: no previous or current back injuries, 18 years of age or older, currently 
a member of an NCAA Division II golf program, and not pregnant. The purpose 
and procedures of the study were explained to each subject prior to their signing 
a statement of informed consent. EMG and motion analysis data were collected 
from each subject. 
Instrumentation 
Surface electrodes were placed on the subjects to record EMG activity, 
which was transmitted by a Noraxon Telemyo8 telemetry unit (Noraxon USA, 
13430 North Scottsdale Rd., Scottsdale, Ariz., 85254) and collected by the 
Noraxon Telemyo8 receiver. The Peak Motus5 system (Peak Performance, 
Englewood, Colo.) was used to store and analyze the EMG data. Three high-
speed video cameras (Peak Performance High-Speed Video System, 
15 
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Englewood, Colo., and Pulnix TM-640 Sequential Scanning Camera, Sunnyvale, 
Calif.) operating at 60 frames per second were set up to tape the golfers' swings. 
Three hi-fi videocassette recorders (JVC BR-S3784 Hi-Fi VCR) recorded the 
swings onto super VHS tape. The 25-point Peak Calibration Frame (Peak 
Performance, Englewood, Colo.) was used to calibrate the cameras before the 
subjects were run for the study. According to research, the Peak Motus system 
has been found to be both reliable and valid;15.16 the Noraxon EMG 
measurement system has been found to be "reasonably" reliable in determining 
parameters of neuromuscular performance. 17 
Procedure 
Subjects were tested at the University of North Dakota Physical Therapy 
Department in Grand Forks, NO. Cameras were set up at approximate 45° 
angles from the right shoulder anteriorly and from the right and left shoulder 
posteriorly, at a height of approximately 2.4 m. (See Fig. 2.) Lights were 
attached to each of the cameras to illuminate the subjects. The 25-point Peak 
Calibration Frame was then used to calibrate the three-dimensional area in 
which the golfer would be swinging the golf club for motion analysis. EMG 
equipment was tested by the researchers for appropriate signal transmission and 
reception prior to placement on the subjects. 
The procedure and purpose of the study were first explained to the 
subjects, after which they were asked to sign a statement of informed consent. 
Female subjects were asked to wear athletic shorts and sports bras; males were 
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Figure 2. Camera set-up. 
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skin was cleaned with rubbing alcohol prior to electrode placement in order to 
maximize signal conduction. Pre-gelled, silver-silver chloride, self-adhesive 
surface electrodes (Multi Bio-Sensors, EI Paso, Tex., 79913) were used. The 
electrodes were placed bilaterally according to the following landmarks: 5 cm 
superior to the anterior superior iliac spine (ASIS) for the abdominal oblique 
muscles, horizontally aligned with the L3.4 interspace and 4 cm lateral to midline 
for the erector spinae muscles, and at the midpoint of a line running from the 
inferior lateral angle of the sacrum to the greater trochanter for the gluteus 
maxim us muscle. (See Fig. 3.) A ground electrode was placed on the ASIS. 
Leads from the electrodes were connected to a transmitter, which was attached 
to each subject's leg in a manner that would not impede the golf swing. 
Subjects were asked to perform maximal manual muscle tests (MMT) 
bilaterally. The muscle test for the abdominal oblique muscles was performed 
supine with legs flexed approximately 50 to 100 at the hips with resistance 
provided on the distal lower extremity for five seconds. To test the erector 
spinae, subjects were positioned in prone and were instructed to raise their 
trunks off the plinth, holding an isometric contraction against resistance for five 
seconds. The gluteus maxim us test was also performed in prone; subjects were 
asked to contract their gluteal muscles for five seconds. Each subject's EMG 
activity for each muscle tested was recorded as the subject's 100% MMT. 
Reflective markers were attached to the subjects using double-sided tape 
to the following landmarks bilaterally: lateral malleolus, lateral femoral 
epicondyle, top of the iliac crest, acromion process, lateral humeral epicondyle, 
19 
Figure 3. EMG electrode placement for 
ext~rnal oblique~~ erector spinae, and 
gluteus maximus. 
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and radial styloid process. Additional markers were attached to spinous 
processes at the T12 and S1 level. Reflective tape was also attached to the 
subjects' clubs and to the tee for a total of 16 points. (See Fig. 4.) 
Subjects were allowed to warm up as desired to stretch their muscles and 
to get accustomed to swinging with the EMG equipment and reflective markers in 
place. Subjects stood on an astro-turf mat and were asked to hit a rubber tee 
when swinging (no ball was used). A microphone was placed near the tee in 
order to trigger an event marker when the club struck the tee; this was done for 
the purpose of determining club head impact. Each subject used his or her own 
driver and performed three or four "normal" swings. The EMG activity was 
recorded simultaneously as the swings were videotaped. 
Data Analysis 
Swings from the three female and three male subjects were trial averaged 
using the PEAK Motus system trial averaging software at a sampling rate of 
0.5%. This was done to produce an "ensemble average" incorporating all of the 
subjects. These data were separated into male and female groups. The trial 
averaged EMG activity of the six total muscles and trial averaged shoulder to hip 
angle (X-factor) were used for qualitative analysis. 
The EMG activity was divided into the five phases of the golf swing 
described earlier using set event markers. Qualitative analysis of the "ensemble 
average" muscle activity was operationally defined as one of three levels: 
1. No or minimal EMG activity: muscle activity less than 33% of the 
maximal EMG activity within that muscle during the golf swing. 
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Figure 4. Set-up and reflective marker placements. 
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2. Moderate activity: muscle activity between 33% and 66.5% of the 
maximal EMG activity for that muscle during the golf swing. 
3. Maximal activity: muscle activity greater than or equal to 66.6% of the 
maximal EMG activity within that muscle during the golf swing. 
Each muscle had to be active for 3% of the swing to be classified with a 
minimal, moderate, or maximal activity level. In order for the classification to be 
changed to a higher or lower level, a 3% duration at that activity level was 
required. 
This method of using the ensemble average to analyze EMG data has 
been shown to have several advantages. According to Yang and Winter,18 the 
normalization method of using a peak or mean ensemble average for EMG 
activity significantly reduces the intersubject variability in normal subjects and 
thus improves the sensitivity of surface EMG. In previous research, Yang and 
Winter also stated that the method of normalizing EMG data using 100% of a 
maximal voluntary contraction is not the most reliable method.19 This research, 
in addition to the number of subjects the researchers tested in this study, led to 
the conclusion that qualitative analysis using ensemble averaged EMG activity 
and ROM was the most desirable way to analyze the data. 
CHAPTER IV 
RESULTS 
During data analysis, the EMG activity of the trunk muscles for the men 
and the women were divided into the five phases of the swing as per specific 
event markers. For the women, the takeaway phase lasted the first 52.5% of the 
swing, the forward swing phase lasted from 52.5% to 66.5% of the swing, the 
acceleration phase lasted from 66.5% to 69% of the swing, early follow through 
lasted from 69% to 72% of the swing, and the late follow through phase lasted 
from 72% to 100% of the swing. The men had a longer takeaway phase and a 
shorter late follow through phase, but all other phases remained comparable. 
The takeaway phase lasted the first 67% of the swing, the forward swing phase 
lasted from 67% to 80% of the swing, the acceleration phase lasted from 80% to 
83% of the swing, the early follow through lasted from 83% to 85.5% of the 
swing, and late follow through lasted from 85.5% until the end of the swing (see 
Figures 5 & 6, Appendix B). 
The EMG data were classified as minimal activity, moderate activity, or 
maximal activity and described in terms of percentages of total swing. The data 
were then converted to percentages within each phase of the golf swing so that 




The men's right external oblique was minimally active during the first 
39.2%, moderately active through 60%, minimally active through 73.9%, and 
moderately active for the remainder of this phase. The left external oblique was 
active at a minimal level during the first 23.1 %, moderate through 87.3%, and 
maximally active through the remainder. The right erector spinae produced a 
minimal level of activity for the first 79.1 %, moderate through 97%, and maximal 
for the remainder. The left erector spinae was minimally active through 82.8%, 
moderate through 90.3%, maximal through 98.5%, and minimal for the 
remainder. The right gluteus maxim us showed minimal activity through 70.1 %, 
moderate through 84.3%, minimal through 97.8%, and moderate through the end 
of the phase. The left gluteus maxim us had minimal activity through 37.3%, 
moderate through 76.1 %, minimal through 82.8%, maximal through 97%, and 
moderate for the rest of the phase (see Figure 7, Appendix B). 
The women's right external oblique showed minimal activity through 
57.6% and moderate for the remainder. The left external oblique and right and 
left erector spinae all produced minimal activity throughout this phase. The right 
gluteus maximus showed minimal activity through 92.8% and moderate for the 
remainder. The left gluteus maximus was minimally active through 71.9% and 
moderate for the remainder (see Figure 8, Appendix B). 
Forward Swing 
The men's right and left external obliques showed moderate levels 
throughout this phase. The right erector spinae continued maximal levels of 
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activity for the first 7.7%, dropped to moderate through 65.4%, and was minimal 
for the remainder. The left erector spinae was minimally active throughout. The 
right gluteus maximus was moderate for the first 26.9% and minimal for the 
remainder. The left gluteus maximus showed moderate activity through 42.3% 
and minimal for the remainder (see Figure 9, Appendix B). 
The women's right external oblique produced moderate activity 
throughout. The left external oblique was minimal for the first 12.5% and 
moderate for the remainder. The right erector spinae shoWed minimal activity 
through 16.1 %, moderate through 39.3%, maximal through 85.7%, and 
moderate for the remainder. The left erector spinae produced minimal activity 
for the first 16.1 %, moderate through 71 .5%, and maximal for the remainder. 
The right gluteus maximus was moderately active through 23.2%, maximally 
through 87.5%, and moderately for the remainder. The left gluteus maximus 
was moderate throughout (see Figure 10, Appendix B). 
Acceleration 
The men's right and left external obliques showed moderate activity 
throughout. Bilateral erector spinae and gluteus maximus muscles were 
minimally active throughout (see Figure 11, Appendix B). 
The women's right and left external obliques were moderately active 
throughout. The bilateral erector spinae muscles were minimally active 
throughout this phase. The right gluteus maximus was moderate through 70% 
and minimal for the remainder. The left gluteus maxim us was moderately active 
throughout (see Figure 12, Appendix B). 
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Early Follow Through 
The men's right and left external obliques were moderately active 
throughout. The bilateral erector spinae and gluteus muscles showed minimal 
activity for the duration of this phase (see Figure 13, Appendix 8). 
The women's right external oblique was maximally active throughout. The 
left external oblique showed moderate activity throughout. The bilateral erector 
spinae muscles were minimally active during this phase. The right gluteus 
maximus was minimally active throughout. The left gluteus maximus was 
moderately active throughout (see Figure 14, Appendix 8). 
Late Follow Through 
The men's right external oblique was moderately active through 46.6% 
and minimally active for the remainder. The left external oblique produced 
moderate activity throughout. The bilateral erector spinae and gluteus maxim us 
muscles were minimally active throughout this phase (see Figure 15, Appendix 
8) . 
The women's right external oblique remained maximally active through 
32.1 % and moderately active for the remainder. The left external oblique was 
moderately active throughout. The bilateral erector spinae and right gluteus 
maximus were minimally active throughout. The left gluteus maximus remained 
moderately active through 2.7% and was minimally active for the remainder (see 
Figure 16, Appendix 8). 
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Peak Activity 
Peak activity of the men's right external oblique occurred at 7.7% of 
forward swing, left external oblique at 97.8% of takeaway, right erector spinae at 
3.8% of forward swing, left erector spinae at 98.5% of takeaway, right gluteus 
maximus at 91 % of takeaway, and left gluteus maximus at 89.6% of takeaway 
(see Figure 5, Appendix B). 
Peak activity of the women's right external oblique occurred at 71.5% of 
early follow through, left external oblique at 78.6% of forward swing, right erector 
spinae at 64.3% of forward swing, left erector spinae at 78.6% of forward swing, 
right gluteus maximus at 32.1 % of forward swing, and left gluteus maximus at 
20% of acceleration (Table 2) (see Figure 6, Appendix B). 
X-Factor 
At address, the men showed an X-factor of approximately 18° with 
shoulders closed relative to the hips. This angle increased to a maximal 
excursion of approximately 48 0 as they neared the top of backswing. By impact, 
the shoulders had moved past the hips to an angle of 140. 
Women showed an X-factor of approximately 19° at address with the 
shoulders open relative to the hips. Toward the end of backswing, the X-factor 
was 37.8° with the shoulders in a position closed relative to the hips. At impact, 
the shoulders were closed relative to the hips approximately 2°. 
Duration of Swing 
The duration of the men's swings averaged .94 seconds. The women's 
swings averaged 1.13 seconds. 
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Table 2.-Peak Muscle Activity by Stage and Study 























2. Female subjects in this study 
3. Subjects from Bechler et al8 
4. Subjects from Pink et al7 







The results of this study can be compared with others that studied trunk 
musculature activity during the golf swing, specifically studies by Watkins et al,12 
Pink et al,13 and Bechler et al. 14 An intra-study comparison can also be made 
between men and women. 
EMG Activity 
As in the Watkins study, 12 the left and right abdominal obliques were 
generally active throughout all phases of the swing; both men and women 
exhibited mostly minimal to moderate activity of those muscles during the swing. 
However, the men's left external obliques showed a short period of maximal 
activity at the end of takeaway, while the women's right external obliques were at 
maximal activity throughout the entire early follow through phase and also at the 
beginning of late follow through. This was unique to this study; no other study 
showed as late a peak in abdominal oblique activity. Pink et al13 also showed the 
obliques to be quite active throughout the swing. In that study, the right 
abdominal obliques peaked during acceleration and were also highly active 
during forward swing, while the left obliques peaked during forward swing. 
The right erector spinae muscle in this study was active in men throughout 
takeaway and forward swing; in women, the highest activity of the right and left 
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erector spinae muscles occurred during forward swing . The men's left erector 
spinae was mostly active during takeaway. Watkins et al12 showed activity of the 
right erector spinae to be maximal during follow through; the left erector spinae 
showed different activity, reaching maximal activity during acceleration. Pink et 
al13 showed similar results to the Watkins study for the erector spinae muscles. 
The left gluteus maximus muscle in this study showed the most activity 
during takeaway and forward swing in men; in women, the left gluteus maximus 
was moderately active throughout all five phases. The men's right gluteus 
maximus showed the most activity during takeaway; women's right gluteus 
maximus was active during takeaway through the initial part of acceleration. 
Watkins et al 12 showed that left gluteus maximus activity increased as the swing 
progressed, reaching maximum during acceleration; the right gluteus maxim us 
was relatively inactive throughout the swing except for a spike during forward 
swing. Pink et al13 did not test the gluteal muscles. However, the Bechler study14 
showed that the right upper gluteus maximus reached maximal activity during 
forward swing and diminished through the rest of the swing; the left upper 
gluteus maximus maintained constant activity during forward swing , acceleration, 
and early follow through, becoming less active during late follow through. 
Another inter-study comparison, as well as an intra-study comparison 
between men and women, can be made looking at peak muscle activity during 
the swing (see Table 2) . This comparison reveals some interesting trends. 
In this study, men peaked earlier In the swing than women in all muscle 
groups except the right erector spinae, which peaked during the same phase as 
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the women's (during forward swing). The men's left external oblique and erector 
spinae, along with bilateral gluteus maxim us muscles, all peaked during 
takeaway. This was unique to this study; none of the other studies examined 
recorded peak muscular activity during the takeaway phase. One possible 
explanation for this phenomenon is that the men recorded maximal muscular 
activity of those muscles during takeaway in an effort to attain a maximal 
shoulder excursion at the end of the backswing to increase the X-factor. The 
women's right external oblique muscle peaked during the early follow through 
phase-much later than the men's, which peaked during forward swing. 
While these differences may appear to be significant, they cannot be 
statistically tested because the researchers chose to use a qualitative method of 
analyzing data rather than a quantitative method. Thus, the null hypothesis 
stating that there is no significant difference in EMG activity between men and 
women during the phases of the golf swing cannot be addressed. The same 
holds true for the null hypothesis stating that there is no significant difference 
between men and women in the effect EMG activity has on trunk range of motion 
during the golf swing; this cannot be statistically proven by this study. 
In comparing peak muscular activity of this study to Watkins et al,12 Pink 
et al. 13 and Bechler et al,14 men's activity peaked earlier in all muscles examined, 
except for the right erector spinae, which peaked during forward swing (in 
agreement with the Watkins and Pink studies). The women's left external 
oblique, right erector spinae, and bilateral gluteus maximus muscles peaked 
during the same phases as recorded by the Watkins, Pink, and Bechler studies. 
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Differences were seen in the right external oblique, which peaked in the early 
follow through phase as compared to acceleration as recorded by Watkins and 
Pink; and in the left erector spinae, which peaked in forward swing as opposed to 
acceleration as seen in the Watkins and Pink studies. 
X-Factor 
As reported earlier, men in this study had an average X-factor of 48 ° 
while women averaged 38°. The men's higher X-factor - or larger excursion of 
the shoulders at the end of takeaway - may possibly correlate with their higher 
level of EMG activity recorded during that phase as compared to women. 
These figures are also higher than those reported by McTeigue,20 who 
found average X-factors of 32 ° in male professionals and 34 ° in male amateurs. 
This suggests that the golfers in this study may have been striving for a greater 
X-factor in an attempt to become longer hitters. One of the males in the study 
reported subjectively to the researchers that he and the other two male subjects 
were all capable of hitting 300-yard drives; this exceptional distance off the tee 
could be related to the golfers' increased X-factors. 
However, as reported earlier, the null hypothesis stating that there is no 
significant difference between men and women in the effect EMG activity has on 
trunk range of motion during the golf swing cannot be proven. While men did 
record greater X-factors, which may correlate to their increased EMG activity 
during takeaway, this cannot be shown to be significant statistically. 
With the equipment used in this study, the researchers were unable to 
accurately determine club head velocity generated by the subjects and, as a 
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result, could not address the null hypothesis that there was no significant 
difference between men and women in the effect EMG activity and range of 
motion have on club head speed . 
Duration of Swing 
In this study, the men's swings averaged a duration of .94 seconds while 
the women's averaged 1.13 seconds. McTeigue20 found that golf professionals' 
swing duration averaged 1.09 seconds while amateurs averaged 1.28 seconds. 
These differences could possibly again correlate to the subjects' desire to gain 
as much club head speed as possible by using a large X-factor to build up torque 
before swinging; thus, the subjects in this study - particularly the males - had a 
shorter swing duration than amateurs in McTeigue's study. 
Limitations of Study 
The most obvious limitation in this study is the fact that only three male 
and three female golfers were studied. Larger samples would give the results 
more power or strength. 
Another limitation was that the researchers were unable to use statistical 
analysis and therefore could not address the null hypotheses set forth initially in 
the study. A disadvantage of qualitative analysis of the ensemble average 
muscle activity is that there is no reference to subjects' maximal capacity of the 
muscles being tested. Normalization of EMG to the peak ensemble has not 
been studied in literature. 18 
This study was also limited by the researchers' inability to measure club 
head speed; this rendered another null hypothesis impossible to prove. While 
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assumptions can be made from duration of swing, exact velocities cannot be 
ascertained. 
Subjects had to wear electrodes, reflective markers, and a telemetry unit 
while swinging the club which was another limitation. These may have impeded 
the subjects' swings, making it difficult to swing in a natural manner. 
Conclusions 
This study showed differences between male and female golfers' 
muscular activity of the trunk during the phases of the swing, X-factor, and 
duration of swing. The study also showed some differences - particularly in the 
data yielded by the male golfers - from previous EMG studies on trunk 
musculature during the golf swing. However, these differences could not be 
determined to be statistically significant because a qualitative analysis method 
was used. 
Clinical Implications 
It has already been established in this article that improper golf swing 
mechanics are a common cause of injury. Therefore, it stands to reason that 
education of correct swing mechanics is an important preventive measure 
against low back injuries in golf.9 For golfers with low back problems, the 
modern swing X factor - limiting hip rotation while rotating the shoulders 
maximally - should be avoided. It is also important for the golfer to practice 
proper body mechanics on the golf course even when not swinging the club; for 
example, when bending over to tee up the ball or when retrieving the ball from 
the cup. 
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Another preventive measure is proper warm-up before playing, which 
should take at least 10 minutes and optimally 45 minutes.9 One article suggests 
the following warm-up routine: stretches, including neck rotations, shoulder 
stretches, trunk side bends, trunk rotations, and toe touches; driving range 
practice; putting; and practice swings while waiting to tee off.9 Perhaps one of 
the best preventive exercises is to swing a weighted club slowly?1 This activity 
will help stretch the trunk as well as the shoulders; it will also help strengthen the 
muscles. 
A different article suggests a more detailed stretching routine consisting of 
neck rotation, lateral stretch, flexion, and extension; trunk lateral stretch, rotation, 
flexion, and extension; stretch of hip abductors, flexors, and extensors; pectoral 
stretches; hamstring stretches; and shoulder stretches.22 Also useful are back 
extension stretches such as press-ups and prone-on-elbows.23 
Strengthening and conditioning are also important in the prevention of golf 
injuries. Golfers should improve strength of the trunk, buttocks, and lower 
extremities in order to help shield against low back injuries. Aerobic conditioning 
is important because it delays the onset of muscle fatigue and therefore helps 
prevent injuries.9 Poor endurance can also lead to improper body mechanics, 
increasing the risk of injury.11 
Lumbar stabilization exercises are an important part of a golf 
strengthening program?3 Strengthening of the deep back muscles can relieve 
pressure on the intervertebral discs and can therefore decrease the risk of injury 
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during loading of the spine. 13 Plyometric exercises have also been suggested to 
improve the golf swing and to help prevent injuries.21 
While several articles address preventive measures of stretching, 
strengthening, and improving aerobic conditioning, relatively few articles can be 
found which address the rehabilitation of the already-injured golfer. Current 
rehabilitation programs tend to vary and lack consistency. Rest is the most 
commonly prescribed treatment followed by physical therapy, ice, medicine, 
injections, heat, braces, surgery, ultrasonography, and miscellaneous 
treatments. 5 Jenkins, Callaway, and Malone23 have written on the rehabilitation 
of the injured golfer. 
This study has shown specifically the trunk musculature activity of 
subjects during the five phases of the golf swing as well as the differences in hip 
and shoulder range of motion (X-factor). A training program (including 
strengthening and flexibility) designed specifically around these findings should 
be beneficial to golfers. Because outcomes of training programs in golf have 
received little attention in literature, a study examining a program designed 
around the findings of this article would be worthwhile. 
The subjects in this study also had greater X-factors than reported in 
previous literature. An examination of any correlation between this increased X-
factor and an increased incidence of low back pathology would also be indicated. 
APPENDIX A 
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provided by Red River Valley Sports Medicine Institute and correlated with EMG and motion analysis 
data. 
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rotational component of the trunk and pelvis. Statistical analysis of the mean activity of each monitored 
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percentage of the EMG activity recorded during the maximal voluntary contraction prior to the 
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with the video data to detennine the level of EMG activity during the various stages of the golf swing. 
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3. BENEFITS: (Describe the ben8flts to th8 individual or soci8ty.) 
The possible benefits of this study will include obtaining information on the golf swing that may lead to the 
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muscles active during the golf swing, a trainiIig program may be developed to specifically train these 
muscles so they are strengthened at the appropriate stages of the swing. By establishing normative data on 
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information that could be used in future golf studies. 
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condition of the athletes involved in the study and the warm-up period allowed. Light-weight plastic golf 
balls will be used to further reduce the risks of injwy. 
Data will be collected in a confidential manner and the collected data will be kept confidential. Names will 
not be used for any reason in this study and subjects will be assigned code numbers to ensure strict 
confidentiality. Participation in this study is voluntary and subjects are free to withdraw at any time and for 
any reason without fear of retributioll Data will be kept for a minimum of three years in the UND physical 
therapy department. 
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Red River Valley 
Sports fvfedicine institute 
I have had the opportunity to review the research proposal "Electromyographic 
and Motion Analysis of the Trunk and Pelvis During the Golf Swing". As the 
Medical Director of the Red River Valley Sports Medicine Institute, I approve and 
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Figure 5. Integrated, "Ensemble" averaged EMG activity of male golfers during 
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Figure 6. Integrated, "Ensemble" averaged EMG activity of female golfers 
during a full swing cycle. 
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Figure 7. EMG activity during takeaway in male golfers 
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Figure 8. EMG activity during takeaway in feinale golfers 
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Figure 9. EMG activity during forward swing in male 
golfers 
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Figure 10. EMG activity during forward swing in female 
golfers 
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Figure 11. EMG activity during acceleration in male 
golfers 
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Figure 12. EMG activity during acceleration in female 
golfers 
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Figure 14. EMG activity during early follow-through in 
female golfers 
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Figure 15. EMG activity during late follow-through in 
male golfers 
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Figure 16. EMG activity during late follow-through in 
female golfers 
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